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The invention relates to a robot for vacuum cleaning surfaces, which robot is 
provided with a housing, a suction unit accommodated in said housing, a suction nozzle 
mounted to the housing, which suction nozzle is situated, during operation, close to a surface 
to be vacuum cleaned, a motor-drivable wheel system by means of which the housing can be 
displaced over the surface to be cleaned, and an electrical control member for controlling a 
displacement of the housing to be generated by means of the wheel system. 

Robots of the type mentioned in the opening paragraph are generally known. 
The control member of such robots controls the wheel system in such a manner that the robot 
automatically carries out predetermined displacements, or random displacements, over the 
surface to be cleaned, so that after some time the robot has reached and treated all parts of the 
surface. Such robots are generally provided with sensors that co-operate with the control 
member, so that obstacles are avoided as much as possible during displacements of the robot 
over the surface. Such robots are preferably provided with a battery or accumulator to feed 
the suction unit, the control member and the drive unit for the wheel system, so that an 
electrical cord connection is not necessary for this robot. Such a cord connection could 
hamper or limit the freedom of displacement of the robot. 

Batteries and accumulators which can suitably be used in such robots 
generally have a sufficiently large energy capacity but only a limited power. As a result, the 
suction unit of such robots has only a limited suction power. In order to make sure that, in 
spite of the limited suction power, a sufficiently large suction force of the suction nozzle is 
obtained, i.e. a sufficient underpressure in the suction nozzle, the suction nozzle of such 
robots generally has limited dimensions. Consequently, a drawback of such robots is that the 
suction range, i.e. the width of a path treated by the robot during a displacement of the robot 
along a line of displacement, is limited so that the robot must carry out a comparatively large 
nvimber of displacements to treat the whole surface to be cleaned. As a result, such robots 
need comparatively much time to treat the entire surface area. This drawback is even more 
manifest in robots of the tyj>e mentioned in the opening paragraph which carry out random 
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displacements over the surface, for which the number of necessary displacements will 
generally substantially exceed the number of necessary displacements of robots carrying out 
predetermined displacements. 

5 

It is an object of the invention to provide a robot of the type mentioned in the 
opening paragraph, which robot also has a suction nozzle of limited dimensions, but the 
suction range of which, as defined hereinabove, is increased substantially. 

To achieve this object, a robot in accordance with the invention is 

1 0 characterized in that the displacement controlled by the control member comprises a 

substantially cycloid movement that is brought about by a rolling motion of an imaginary 
rolling circle along an imaginary line of displacement of the housing over the surface to be 
cleaned, the suction nozzle being eccentrically arranged with respect to the rolling circle, 
which rolling circle extends parallel to the surface to be cleaned and is fixed with respect to 

15 the housing. Said cycloid movement not only causes the housing to be moved over the 

surface in accordance with said Ime of displacement, but also to be simultaneously rotated 
about an axis of rotation extending perpendicularly to the surface and through the center of 
the rolling circle. As the suction nozzle is eccentrically arranged with respect to the rolling 
circle, the suction nozzle does not move rectilinearly in accordance with the line of 

20 displacement, but follows a cycloid that is situated on either side of the line of displacement. 
By virtue thereof, viewed perpendicularly to the line of displacement, the suction nozzle 
covers a comparatively wide path of the surface to be cleaned during the displacement of the 
housing along the line of displacement, so that the suction range, i.e. the width of the path 
treated by the robot during the displacement of the robot along the line of displacement, is 

25 comparatively large. 

A particular embodiment of a robot in accordance with the invention is 
characterized in that the wheel system comprises at least three wheels arranged at regular 
intervals in accordance with an imaginary base circle, each wheel having a wheel axle 
extending in accordance with a radial of the base circle and being drivable by means of a 

30 separate motor, and each wheel being provided, along its circumference, with a number of 
rolls each having a roll axle extending in a tangential direction with respect to the wheel axle 
of the relevant wheel. By means of a suitable, comparatively simple control of the individual 
motors of the wheels of said wheel system, the housing is displaceable over the surface to be 
cleaned, in this particular embodiment, in any direction in accordance with a straight or 
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curved line of displacement, rotatable about an axis of rotation extending perpendicularly to 
the surface, or simultaneously displaceable in accordance with such a line of displacement 
and rotatable about such an axis of rotation. In this manner, the robot has substantial freedom 
of movement, and the wheel system can particularly suitably be used to generate the desired 
5 cycloid movement of the housing. As each wheel is provided, along its circumference, with 
said rolls, the individual wheels cannot only be displaced in a customary direction 
perpendicular to the wheel axles, but also in a direction parallel to the wheel axles. By virtue 
thereof, a desired displacement of the housing, which can be generated by a suitable rotation 
of one or more of the wheels about their wheel axles, is not hampered or prevented by 
1 0 insufficient freedom of movement of the other wheels. 

A further embodiment of a robot in accordance with the invention is 
characterized m that the rolling circle is concentric with the base circle, while the radius of 
«^ the rolling circle is at the most equal to approximately Ws/27t, where Ws is a main dimension 

^ of the suction nozzle, measured along a radial of the base circle. As the radius of the rolling 

w" 

~: 15 circle is at most equal to approximately Ws/27i, during one complete revolution of the 

housing about the axis of rotation, the housing is displaced along the line of displacement 

L over a distance which is at most equal to Ws- As the suction nozzle thus is displaced, during 

& 

1=^ one complete revolution of the housing, along the line of displacement over a distance that is 

at most equal to the main dimension of the suction nozzle, measured along the radial of the 
" 20 base circle, the parts of the path, that is treated by the suction nozzle during a number of 
" ^ successive revolutions of the housing, blend substantially without interspace, viewed in the 

direction of the line of displacement, so that the robot does not leave parts of the path 
imtreated as a result of the rotating movement. 

Yet another embodiment of a robot in accordance with the invention is 
25 characterized in that the suction nozzle extends, viewed along said radial of the base circle, 
substantially up to said base circle. In this further embodiment, the path treated by the suction 
nozzle during the displacement of the housing in accordance with the line of displacement, 
has a width that substantially corresponds to the diameter of the base circle. If the wheels are 
arranged near the circumference of the housing, the width of the path thus corresponds 
30 substantially with a principal dimension of the housing, so that the width of the path treated 
by said robot is clearly visualized to the user of the robot. 

A particular embodiment of a robot in accordance with the invention is 
characterized in that the radius of the rolling circle is smaller than approximately 0.16.Rb, 
where Rb is the radius of the base circle. In this particular embodiment, the principal 
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dimension of the suction nozzle, measured along the radial of the base circle, is at most equal 
to the radius of the base circle. It has been found that such a principal dimension of the 
suction nozzle in combination with customary batteries or accumulators results in a sufficient 
suction force of the suction nozzle, i.e. a sufficient underpressure in the suction nozzle is 
5 obtained. 



Hereinbelow, embodiments of a robot in accordance with the invention will be 
described and partly shown in the drawing, wherein 
1 0 Fig. 1 is a diagrammatic side view of a robot in accordance with the invention, 

Fig. 2 is a plan view of a wheel system of the robot in accordance with Fig. 1, 
H Fig. 3 shows an individual wheel of the wheel system in accordance with Fig. 

o 

O 2, and 

fti Fig. 4 diagrammatically shows a cycloid described, in operation, by a suction 

IS 1 5 nozzle of the robot in accordance with Fig. 1 during one complete revolution of the robot. 

h* Fig. 1 diagrammatically shows an embodiment of a robot in accordance with 

pi the invention for vacuum cleaning surfaces, which robot comprises a substantially circularly 

© 20 cylindrical synthetic resin housing 1 having a central main axis 2. The housing 1 
Ill- 
accommodates an electrical suction unit 3 of a type which is known per se and customarily 

used in vacuum cleaners. The suction vmit 3 is connected to a suction nozzle 7 via a dust 

compartment 5, which is also arranged in the housing 1, which suction nozzle is provided 

near a lower side of the housing 1 and, hence, in operation is situated near a surface 9 to be 

25 cleaned. The housing 1 further accommodates a number of batteries or accumulators 1 1 used 
to feed the suction unit 3 in operation. The robot further comprises a motor-drivable wheel 
system 13 by means of which the housing 1 including the suction nozzle 7 can be displaced 
over the surface 9 to be cleaned. In the example shown, the wheel system 13 comprises three 
wheels 15, 15', 15" which are arranged with respect to each other and composed in a manner 

30 which will be described in greater detail hereinafter. The housing 1 further accommodates an 
electrical control member 17 which is used to control an automatic displacement of the 
housing 1 over the surface 9, which displacement is to be generated by means of the wheel 
system 13. In operation, the motor-drivable wheel system 13 and the electrical control 
member 17 are also fed by said batteries or accumulators 1 1 . 
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As shown in Fig. 2, the three wheels 15, 15', 15" of the wheel system 13 are 
rotatably joumaled on a disc-shaped metal support 19 of the robot, on which also the housing 
1 is secured. The wheels 15, 15', 15" have wheel axles 21, 21', 21" which extend in a 
common plane parallel to the surface 9 to be cleaned, which wheel axles intersect 

5 substantially in the central main axis 2 of the housing 1 and include angles of substantially 
120° with each other. The wheels 15, 15', 15" are each situated at a distance Rb from the 
main axis 2, so that the wheels 15, 15', 15" are arranged at regular intervals in accordance 
with an imaginary base circle 23 of radius Rb extending parallel to the surface 9 and being 
fixed with respect to the housing 1, the wheel axles 21, 21', 21" each extending in accordance 

10 with a radial of the base circle 23. As is further shown in Fig. 2, the wheel system 13 

comprises an individual electric motor 25, 25', 25" for each wheel 15, 15', 15", respectively, 
the motors 25, 25', 25" comprising, in the example shown, motor axles 27, 27', 27" arranged 
coaxially with respect to the wheel axles 2 1 , 2 1 ', 2 1 ", and a transmission, not shown in Fig. 2 
for the sake of simplicity, being present between each motor 25, 25', 25" and the relevant 

15 wheel 15, 15', 15". As shown in Fig. 3, the wheels 15, 15', 15" each comprise, in the example 
shown, two basic discs 29, 31 extending perpendicularly to, and being arranged in fixed 
^ positions with respect to, the wheel axle 21, 21', 21". Along the circumference of each basic 

disc 29, 3 1, four rolls 33 are provided at regular intervals, each roll being joumaled so as to 
be rotatable, with respect to the relevant basic disc 29, 3 1, about a roll axle 35 which extends 
C" 20 in a tangential direction with respect to the wheel axle 21, 21', 21 ". It is to be noted that Fig. 3 
shows only two rolls 33 of the basic disc 3 1 . The rolls 33 of the basic disc 3 1 are arranged, 
viewed in the circumferential direction of the wheel 15, 15', 15", between the rolls 33 of the 
basic disc 29. In this manner it is achieved that, in operation, in each position of the wheels 
1 5, 1 5', 1 5 " the wheels rest with at least one of the rolls 33 on the surface 9. 

25 In operation, the control member 17 controls the motors 25, 25', 25" of the 

wheel system 13 in such a maimer that the robot is automatically displaced over the surface 9 
to be cleaned in accordance with an imaginary line of displacement. The robot is provided 
with sensors that co-operate with the control member 17, which sensors are not shown in the 
Figures for the sake of simplicity, and are of a type which is known per se and customarily 

30 used, by means of which sensors the direction of the line of displacement is automatically 

changed by the control member 17 if the robot meets obstacles, such as furniture or a wall, on 
the line of displacement. In the example shown, the control member 17 controls the wheel 
system 13 in such a manner that the wheel system 13 generates displacements of the housing 
1 in accordance with successive, random lines of displacement. As the lines of displacement 



PHNL010039 

6 10.01.2002 

are random, the robot will reach all parts of the surface 9 after a comparatively long period of 
time. In this example, the control member 17 does not have to be provided with detailed 
information about the dimensions and geometry of the surface to be cleaned, so that the 
control member 17 is comparatively straightforward and the robot can be operated in a 
5 comparatively simple manner because the user does not have to input this information. 

However, the invention also comprises other embodiments, such as an embodiment where the 
control member 17 controls the wheel system 13 in such a manner that the wheel system 13 
generates displacements of the housing 1 in accordance with a predetermined series of 
displacement lines. In such an alternative embodiment, the time it takes for the robot to reach 

10 all parts of the surface 9 is comparatively short, but the control member 17 is comparatively 
complex as it must contain detailed information about the dimensions and geometry of the 
surface to be cleaned, and also the operation of the robot is comparatively complex as the 
user must input this information. As the electrical parts of the robot are fed by said batteries 
or accumulators 1 1, the automatic displacements of the robot over the surface are not 

1 5 hampered or limited by a necessary electrical cord connection. 

The batteries or accumulators 1 1 used in the robot in accordance with the 
invention are of a type that is known per se and customarily used in robots for vacuum 
cleaning surfaces. Such batteries or accumulators 1 1 generally have an energy capacity that is 
sufficient to allow the robot to treat all parts of a surface 9 of customary dimensions without 

20 being recharged. The power, i.e. the amount of energy that can be supplied by such batteries 
or accumulators 1 1 per unit of time, however, is generally limited. As a result, the suction 
unit 3 of the robot has only a limited suction power. In order to make sure that the suction 
force of the suction nozzle 7 is sufficient in spite of said limited suction power, i.e. to make 
sure that both the vmderpressure and the air flow in the suction nozzle 7 are sufficient, said 

25 suction nozzle 7 of the robot has limited dimensions. In Fig. 2, the geometry and dimensions 
of the suction nozzle 7 are diagrammatically represented with respect to the base circle 23. In 
the example shown, the suction nozzle 7 is elongated, said suction nozzle 7 extending in 
accordance with a radial of the base circle 23, and, as shown in Fig. 2, a width Ws of the 
suction nozzle 7, measured along said radial, being much smaller than the diameter of the 

30 base circle 23. 

To preclude that the limited width Ws of the suction nozzle 7 leads to a limited 
suction range of the robot, i.e. a limited width of the path treated by the robot when the robot 
is displaced along an imaginary line of displacement, and hence to a comparatively large 
number of necessary displacements of the robot to treat the entire surface 9, the following 
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measures are taken in accordance with the invention. According to the invention, the control 
member 17 controls the motors 25, 25', 25" of the wheel system 13 in such a manner that, in 
operation, said wheel system 13 generates a substantially cycloid movement of the housing 1, 
which is obtained by rolling an imaginary rolling circle over the surface 9 along the desired 
5 imaginary displacement line of the housing 1 , which rolling circle extends parallel to the 
surface 9 to be cleaned and is fixed with respect to the housing 1, said suction nozzle 7 being 
eccentrically arranged with respect to the rolling circle. The imaginary rolling circle is 
indicated in Fig. 2 by means of reference numeral 37, and the line of displacement is 
indicated, in Fig. 2, by means of reference numeral 39. As a result of said cycloid movement, 

1 0 the housing 1 is displaced over the surface 9 in a direction parallel to the line of displacement 
39 and, at the same time, also rotated about an axis of rotation 41 which extends 
perpendicularly to the surface 9 and through the center of the rolling circle 37. In the example 
shown, the rolling circle 37 is concentric with the base circle 23, so that the axis of rotation 
41 coincides with the central main axis 2 of the housing 1. Fig. 4 diagrammatically shows 
Hi 15 nine successive positions Po-Pg of the suction nozzle 7 during one complete revolution of the 
housing 1 during said cycloid movement. Fig. 4 also shows the positions P'o-P's of the base 
circle 23 corresponding to said positions Po-Pg, and the positions P"o-P"8 of the rolling circle 
37 corresponding to said positions Pq-Ps- As the suction nozzle 7 is eccentrically arranged 
with respect to the rolling circle 37, the suction nozzle 7 describes a cycloid 43 over the 
IT 20 surface 9, which cycloid is situated on both sides of the line of displacement 39. As a result, 
viewed at right angles to the line of displacement 39, the suction nozzle 7 reaches a path that 
is considerably wider than the width Ws of the suction nozzle 7. As a result thereof, the 
suction range of the robot, i.e. the width of the path treated by the robot during the 
displacement of the robot in a direction parallel to the line of displacement 39, is 

25 comparatively large. The radius Ra of the rolling circle 37 determines the distance covered 
by the robot, viewed in a direction parallel to the line of displacement 39, during one 
complete revolution of the hoiking 1. Said distance is 27t*RA and, in the example shown 
wherein the suction nozzle 7 extends in accordance with a radial of the base circle 23 and has 
a width Ws measured along this radial, is smaller than the width Ws. As said distance is 

30 smaller than the width Ws, the parts of the path treated by the suction nozzle 7 during a 

number of successive revolutions of the housing 1 merge without interspace, viewed in the 
direction of the line of displacement 39, so that the suction nozzle 7 does not leave any parts 
of the path untreated. In the example shown in Fig. 4, Ra is approximately 0.14*Ws, so that 
an overlap d of approximately 0.12*Ws is present between said parts of the path. 
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As shown in Fig. 2 and Fig. 4, the width Ws of the suction nozzle 7, in the 
example shown, is substantially equal to the radius Rb of the base circle 23, so that the radius 
Ra of the rolling circle 37 is approximately 0.14*Rb in the example shown. It has been found 
that such a value of the ratio between the width Ws and the radius Rb is approximately a 
5 maximum value at which still a sufficiently large suction force of the suction nozzle 7 is 
achieved, i.e. a sufficient underpressure in the suction nozzle 7, when use is made of 
customary batteries or accumulators, such as the batteries or accumulators 11. The 
permissible value of the width Ws is related to the value of the radius Rb because an increase 
in the value of the radius Ra also leads to an increase of the dimensions of the housing 1 . As 
10 a result, in general, also the space available in the housing 1 for the batteries or accumulators 
increases, as a result of which the available power of the batteries or accumulators increases 
5 . and hence also thie suction force of the unit 3. As is further shown in Fig. 2 eaid Fig. 4, the 

B suction nozzle 7 extends, in the example shown, substantially up to the base circle 23, i.e. 

m substantially as far as the circumference of the circularly cylindrical housing 1 . In this 

y 1 5 manner, the width of the path treated by the suction nozzle 7 when the housing 1 is moved in 

flj a direction parallel to the line of displacement 39 is maximized. As, in the example shown, 

hi 

1^ the suction nozzle 7 extends substantially up to the circumference of the housing 1, the width 

p of said path substantially corresponds to the diameter of the housing 1 . By virtue thereof, the 

h.| diameter of the housing 1 provides the user of the robot with a clear indication of the width of 

2i 20 said path. 

Til To generate a true cycloid movement of the housing 1 at an angular velocity 

coc of the housing 1 about the axis of rotation 41 and with a rolling circle of radius Ra, the 
control member 17 must control the motors 25, 25', 25" in such a manner lliat the angular 
velocities coi, oz, 03 of the three wheels 15, 15', 15" of the wheel system 13 are in accordance 
25 with the following harmonic functions of the time t: 

©1 = (Rb/Rw)*o>c*(1 - (RA/RB)*cos((Oc*t + p) ; 
30 ©2 = (Rb/Rw)*c)c*(1 - (RA/RB)'^cos(o£)c*t + p + 2*7r/3) ; 



©3 = (Rb/Rw)*<oc*(1 - (RA/RB)*cos(coc*t + P + 4*7c/3) 
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where Rw is the radius of the wheels 15, 15', 15", and coc also determines the speed Vc = 
(Dc*Ra at which the housing 1 is displaced, during the cycloid movement, in a direction 
parallel to the line of displacement 39, while P is determined by a desired direction of the line 
of displacement 39. As the cycloid movement thus generated is a combination of a rotation of 
5 the housing 1 and the wheel system 13 about the axis of rotation 41 and a rectilinear 
movement of the housing 1 and the wheel system 13 in a direction parallel to the line of 
displacement 39, each wheel 15, 15', 15" is momentaneously displaced, under the influence 
of the cycloid movement, in a direction perpendicular to its wheel axle 21, 21', 21", which is 
possible by atrue rotation of the wheel 15, 15', 15" about its wheel axle 21, 21', 21", but also 

10 in a direction parallel to its wheel axle 21, 21', 21". Displacements of the wheels 15, 15', 15" 
in the direction parallel to their wheel axles 21, 21', 21" are possible, in the example shown, 
in that in any position the wheels 15, 1 5', 15", as described hereinabove, rest with at least one 
of the rolls 33 on the surface 9. In this manner, the rolls 33 lead to a greater freedom of 
movement of the wheels 15, 15', 15" and of the housing 1, and they enable the housing 1 to 
~ 15 make not only a rotational movement, which would be the case in the absence of the rolls 33, 
but also a rectilinear movement or a combination of a rectilinear and a rotational movement, 
as in the case of the example shown. It is to be noted that instead of the wheels 15, 15', 15", 
which are provided with two basic discs 29, 31 with four comparatively large rolls 33 each, 
the wheel system 1 3 may alternatively be provided with a different type of wheel having a 
2 20 number of rolls along its circumference, which rolls have roll axles arranged in a tangential 
direction with respect to the wheel axle. An example of such a different type of wheel is a 
wheel provided with a single basic disc which is provided, along its circumference, with a 
comparatively large number of comparatively small rolls, as a result of which, in operation, 
in any position of the basic disc, it rests on the surface with a number of rolls. The above- 

25 described wheels 15, 15', 15" with the comparatively large rolls 33 have the advantage, 
however, that the rolling resistance of the wheels 15, 15', 15" in the direction of the wheel 
axles 21, 21', 21" is comparatively small as a result of the relatively large diameter of the 
rolls 33. 

It is to be noted that the displacement of the housing 1 which is controlled, in 
30 accordance with the invention, by the control member 17 comprises a substantially cycloid 
movement. This is to be understood to mean that the invention also includes embodiments 
wherein the displacement of the housing 1 that is controlled by the control member 17 is not 
a completely true cycloid movement. An example of such an embodiment is a movement 
resulting from the rolling of an imaginary rolling circle over an imaginary curved line of 
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displacement. Another example is a movement caused by rolling an imaginary rolling circle 
with a constant or fluctuating slip over an imaginary line of displacement, the distance 
covered by the robot during one complete revolution along the line of displacement generally 
being unequal to 2*7t*RA. Yet another example is a movement caused by rolling an 
imaginary rolling circle at a fluctuating angular velocity coc over an imaginary line of 
displacement. A final example relates to a movement caused by a combination of two or 
more of the examples mentioned hereinabove. 

It is finally noted that the invention also includes embodiments of a robot 
which is provided with a different type of motor-driven wheel system, which enables a 
substantially cycloid movement of the housing to be generated. An example of such a 
different type of motor-driven wheel system is a wheel system provided with a number of 
motor-drivable wheels at least one of which is pivotable by means of a motor about a pivot 
axis extending perpendicularly to the surface. It is to be noted, however, that the wheel 
system 13 described hereinabove is particularly suitable for generating a cycloid movement 
because the necessary control of the individual wheels 15, 15', 15" in accordance with the 
above-described harmonic functions is particularly simple. In addition, the wheel system 13 
enables the housing 1 to be displaced from a starting position in any desired direction in 
accordance with a straight or cvirved line of displacement, so that the robot with the wheel 
system 13 has substantial freedom of movement. The wheel system may alternatively be 
provided, for example, wilJi more than three wheels arranged in accordance with an 
imaginary base circle, said wheels having wheel axles extending in accordance with radials 
of the base circle, or with at least three wheels that are arranged on different base circles. 



